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Abstract

Arbuscular mycorrhizal (AM) fungal species form symbiotic associations with the vast
majority of terrestrial plants. These associations help plants to improve their water and
nutrient uptake. In return, plants provide a suitable habitat for the fungi to flourish.
From across the globe, approximately 300 AM fungal species have been described to
date. Most recently, Dominikia emiratia from UAE joined the list of known AM fungal
species. It was found in Sweyhan, Abu Dhabi, associated with several plants within
two different types of farming systems, namely organic and conventional. The
discovery of the new species provides an opportunity for applied and basic research
on this species. This thesis aims to evaluate the beneficial functionality of the fungus
when in association with two commercially valuable date palm varieties, Khalas and
Khunaizi, under greenhouse condition for an 8-month period. The results suggested
that inoculation with D. emiratia significantly increased the biomass of the two date
palm varieties. In addition, plants inoculated with Khalas showed higher chlorophyll
and phosphorous concentrations. Different fungal structures were observed and
recorded on the inoculated plant roots. The current work represents the first effort to
evaluate the functionality of D. emiratia. It is a step towards the sustainable future of
cultivating date palm. Furthermore, it acts as a springboard for further research to
investigate the possible utilization of the new fungal species in promoting the growth
of other plant species.
Keywords: Dominikia emiratia, Arbuscular Mycorrhizal Fungi, Date Palm,
Chlorophyll, Phosphorous.
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)Title and Abstract (in Arabic

ﺗﻘﯿﯿﻢ اﻟﻜﻔﺎءة اﻟﻨﻔﻌﯿﺔ ﻟﻠﻔﻄﺮ اﻟﻤﺎﯾﻜﻮرازي اﻟﻤﺠﮭﺮي اﻟﻤﻜﺘﺸﻒ ﺣﺪﯾﺜﺎ ً ﻣﻦ اﻹﻣﺎرات اﻟﻌﺮﺑﯿﺔ
اﻟﻤﺘﺤﺪة ،دوﻣﯿﻨﻜﯿﺎ اﻣﺎراﺗﯿﺎ
اﻟﻤﻠﺨﺺ

ﺗﺷﻛل ﻓﺻﯾﻠﺔ اﻟﻔطرﯾﺎت اﻟﻣﯾﻛورﯾزاوﯾﺔ ) (Arbuscular Mycorrhizal Fungiﻋﻼﻗﺔ
ﺗﻛﺎﻓﻠﯾﺔ ﻣﻊ أﻏﻠب اﻟﻧﺑﺎﺗﺎت .ﺗؤدي ھذه اﻟﻌﻼﻗﺔ إﻟﻰ ﺗﺣﺳﯾن اﻣﺗﺻﺎص اﻟﻣﺎء واﻟﻌﻧﺎﺻر ﻣن ﻗﺑل
اﻟﻧﺑﺎﺗﺎت .ﻓﻲ اﻟﻣﻘﺎﺑل ،ﺗوﻓر اﻟﻧﺑﺎﺗﺎت اﻟﻣﺳﻛن و اﻟطﺎﻗﺔ ﻟﻠﻔطرﯾﺎت .ﺗم وﺻف ﺣواﻟﻲ  300ﻧوع ﻣن
اﻟﻔطرﯾﺎت اﻟﻣﺎﯾﻛوراﯾزﯾﺔ ﺣﺗﻰ اﻵن ﻣن ﻣﻧﺎطق ﻣﺧﺗﻠﻔﺔ ﻣن اﻟﻌﺎﻟم .ﻓﻲ اﻵوﻧﺔ اﻷﺧﯾرة ،اﻧﺿم اﻟﻔطر
دوﻣﯾﻧﻛﯾﺎ إﻣﺎراﺗﯾﺎ ﻣن دوﻟﺔ اﻹﻣﺎرات اﻟﻌرﺑﯾﺔ اﻟﻣﺗﺣدة إﻟﻰ ﻗﺎﺋﻣﺔ اﻷﻧواع اﻟﺟدﯾدة .ﻓﻘد ﺗم اﻛﺗﺷﺎﻓﮫ ﻓﻲ
ﻣﻧطﻘﺔ ﺳوﯾﺣﺎن ﺑﺈﻣﺎرة أﺑوظﺑﻲ ﻣرﺗﺑ ً
طﺎ ﺑﺎﻟﻌدﯾد ﻣن اﻟﻧﺑﺎﺗﺎت ﻓﻲ ﻧوﻋﯾن ﻣﺧﺗﻠﻔﯾن ﻣن اﻟﻧظم اﻟزراﻋﯾﺔ
وھﻲ اﻟﻌﺿوﯾﺔ واﻟﺗﻘﻠﯾدﯾﺔ .اﻛﺗﺷﺎف اﻷﻧواع اﻟﺟدﯾدة ﻣن اﻟﻔطر ﯾﻔﺗﺢ اﻟﺑﺎب ﻟﻣزﯾد ﻣن اﻟﺑﺣوث
اﻷﺳﺎﺳﯾﺔ واﻟﺗطﺑﯾﻘﯾﺔ .ﯾﮭدف ھذا اﻟﺑﺣث إﻟﻰ ﺗﻘﯾﯾم اﻟﻛﻔﺎءة اﻟﻧﻔﻌﯾﺔ ﻟﻠﻔطر ﻋﻧد إﺿﺎﻓﺗﮫ ﻟﻧوﻋﯾن ﻣن
اﻟﻧﺧﯾل ھﻣﺎ اﻟﺧﻼص واﻟﺧﻧﯾزي ﺗﺣت ظروف اﻟﺑﯾت اﻟﻣﺣﻣﻲ ﻟﻣدة  8أﺷﮭر .ﻧﺗﺎﺋﺞ اﻟﺑﺣث ﺗﻘﺗرح
أن ﺗطﻌﯾم ﺻﻧﻔﻲ اﻟﻧﺧﯾل ﺑﺎﻟﻔطر ﻟﮭﺎ ﻧﺗﺎﺋﺞ إﯾﺟﺎﺑﯾﺔ ﻓﻲ اﻟﻛﺗﻠﺔ اﻟﺧﺿرﯾﺔ وﻣﺳﺎﺣﺔ ﺳطﺢ اﻷوراق،
وﻗد أظﮭرت ﻧﺑﺎﺗﺎت اﻟﺧﻼص اﻟﻣﻠﻘﺣﺔ ﺑﺎﻟﻔطر أﻋﻠﻰ ﻣﺣﺗوى ﻟﻠﻛﻠوروﻓﯾل وﻣﺣﺗوى ﻓﺳﻔوري .وﻗد
ﻟوﺣظت ﻣﺟﮭرﯾﺎ ً وﺳﺟﻠت ﺗراﻛﯾب ﻓطرﯾﺔ ﻣﺧﺗﻠﻔﺔ ﻓﻲ اﻟﺟذور اﻟﻣﺳﺗﻌﻣرة .ﯾﻣﺛل ھذا اﻟﻌﻣل اﻟﺑﺣﺛﻲ
أول ﺟﮭد ﻟﺗﻘﯾﯾم اﻟﻛﻔﺎءة اﻟﻧﻔﻌﯾﺔ ﻟﻠﻔطر دوﻣﯾﻧﻛﺎ اﻣﺎراﺗﯾﺎ .إﻧﮭﺎ ﺧطوة ﻧﺣو اﻟﻣﺳﺗﻘﺑل اﻟﻣﺳﺗدام ﻟزراﻋﺔ
ﻧﺧﯾل اﻟﺗﻣر .وﻋﻼوة ﻋﻠﻰ ذﻟك ،ﻓﺈﻧﮫ ﯾﻔﺗﺢ أﺑواًﺑﺎ ﺟدﯾدة ﻹﺟراء ﻣزﯾد ﻣن اﻟﺑﺣوث ﻟﺗﻘﯾﯾم اﺳﺗﺧدام
اﻟﻔطر اﻟﻣﻛﺗﺷف ﻓﻲ ﺗﻌزﯾز ﻧﻣو اﻷﻧواع اﻟﻧﺑﺎﺗﯾﺔ اﻷﺧرى.
ﻣﻔﺎھﯾم اﻟﺑﺣث اﻟرﺋﯾﺳﯾﺔ :دوﻣﯾﻧﯾﻛﺎ إﻣﺎراﺗﯾﺎ ،اﻟﻔطر اﻟﻣﺎﯾﻛوراﯾزي ،اﻟﻧﺧﯾل ،اﻟﻛﻠوروﻓﯾل
اﻟﻔوﺳﻔور.
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Chapter 1: Introduction
1.1 Overview
There are many different types of associations between microorganisms and
plants that affect plant lifecycles. Symbiotic relationships between plants and fungi are
classified as being either mutualistic or parasitic. Mutualisms occur when both the
plant and fungi receive a benefit from the association, whilst parasitism is where one
receives a benefit whilst the other is negatively affected by the relationship (Smith &
Read, 2008). A study showed that during the Ordovician era the first plants colonized
the land and formed associations with arbuscular mycorrhizal (AM) fungi (Redecker
et al., 2000). The term “arbuscular” derives from the arbuscules, which are located
within the plant root cortical cells. Recognized in the AM symbiosis alongside some
storage vesicles between the cells AM fungi (Weber et al., 2019). Arbuscular
mycorrhizal fungi can form symbioses with the roots of over 80% of terrestrial plant
species within the soil rhizosphere (Smith & Read, 2008). They have the capability of
influencing plant diversity, soil structure, and nutrient accessibility of plants (Carrillo
et al., 2017). The majority of AM fungi reproduce by forming spores within the soil in
response to environmental conditions. When there is a potential for establishing a
symbiosis with a host plant, spores can germinate and produce infective mycelia. Other
important life history events of AM fungi include pre-symbiotic mycelial growth,
hyphal branching in the host roots, development of appressorium, colonization of
roots, formation of arbuscules and extraradical mycelium development (Koltai &
Kapulnik, 2010).
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1.1.1 The Influence of AM Fungal Symbioses on Plant Growth
A recent field study, which took place in the sand dunes of Gulf Valencia,
Spain, demonstrated that plant-AM fungal symbioses can maintain a stable vegetation
rate in harsh conditions (Guillen et al., 2018). The researchers found that plant species,
habitat type, seasonal changes, site disturbance histories, precipitation rate and
temperature changes can affect the rate of symbiosis and distribution of AM fungi.
Limited information is available about mycorrhizal symbioses in non-sterile soils
where different kinds of soil microorganisms can affect the AM fungal symbiosis with
plants. Microbial groups, such as bacteria can interact with AM fungi to increase plant
root colonization, maintain fungal-hyphae structure by decreasing soil-mediated
stresses, enhance fungal propagule quantity, and provide pathogen resistance
(Pánková et al., 2018). Lekberg & Koide (2005) analyzed 290 scientific trials to
understand the correlation between mycorrhizal colonization from inoculation in nonsterile soils and plant yield in response to various management practices, such as crop
rotation, fallow duration and soil disturbance. It was concluded that the increase (29%)
of mycorrhizal colonization by inoculation in the early season resulted in the increase
of both shoot phosphorus (P) concentration and biomass (33% and 57%, respectively).
The results also showed that the increase of mycorrhizal colonization by inoculation
shortened fallow duration (20%) and decreased soil disturbance (7%). The response of
plant growth rate to the soil microbial community is a result of the equilibrium between
the positive impact of AM fungi and negative impact of soil pathogens (Pánková et
al., 2018).
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1.1.2 AM Fungal Symbiosis with Phoenix dactylifera L
Quality and growth of the host plant were found to be controlled by the AM
fungal genotype, the host genotype, and the various interactions between the two
(Baum et al., 2015). The AM fungi were found to enhance date palm growth rate and
defense mechanisms against infections, such as Bayoud disease (Jaiti, et al., 2007).
Tissue cultured date palm plantlets showed a positive response to inoculation with AM
fungi compared to non-inoculated controls in El Kinany et al., study (2018). The
results indicated an increase of dry and fresh plant biomass, number of leaves and
roots, total chlorophyll, and the nutrient content in response to AM fungal inoculation.
1.2 The Ecological Importance of AM Fungal Association with Plants
AM fungi increase plant productivity by supplying them with hard to access
water and nutrients, such as P, in exchange for photosynthetically fixed carbon (C)
(Janoušková et al., 2017), and drought resistance (Lekberg & Koide, 2005).
Arbuscular mycorrhizal fungi also take up nitrogen (N) as NH4+, NO3- or in the form
of amino acids (Cavagnaro et al., 2015). Plant root associations with diverse AM
fungal communities could lead to higher plant productivity, especially if the AM
fungal species are habitably native (Janoušková et al., 2017).
1.2.1 Colonization Process by AM Fungi
Before root colonization, a series of recognition mechanisms by AM fungi
take place in search for possible hosts. The coenocytic extraradical mycelium (ERM)
is known as a potential factor in the recognition process. The host plants secrete
substantial initiators called strigolactones to activate fungal metabolism so the hyphae
can stimulate spore germination that leads to the formation of mycelium. In return, the
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fungal hyphae produce a spreading signal to the roots to induce a specific expression
of symbiosis-related genes to allow the entrance of the fungus through the epidermis
of the roots (Feddermann et al., 2010). AM fungi can produce a high mycelial growth
in the presence of the host roots which is followed by the branching of the mycelia on
the root surface (Gadkar et al., 2002). After the recognition process, penetration of the
fungus takes place by the production of wall-degrading hydrolytic enzymes. The
hydrostatic pressure by the hyphal tip also plays an effective role during the
penetration events. As the fungal colonization of the roots tissue continue to spread,
fungal structures such as internal cellular hyphae and arbuscules start to form within
the tissue of the roots (Gadkar et al., 2002).
1.3 Biotic and Abiotic Factors
Both biotic and abiotic factors can influence the symbiosis at the community,
organism, and cellular level (Feddermann et al., 2010). Abiotic factors (such as soil
salinity, water supply level, temperature and nutrient availability can affect the
development and growth of a plant (Latef et al., 2016). For example, in the
Mediterranean sand dunes, the climate can cause seasonal changes in abiotic
parameters, such as salinity, which will affect the distribution of the flora in the area.
This leads to major changes in the AM fungal symbiotic relationship (Guillen et al.,
2018). In harsh conditions, such as sand dunes, AM fungi enhance plant tolerance of
salinity and drought through facilitating nutrient acquisition by the plant, conserving
ion balance, and maintaining enzyme activities (Smith & Read, 2008). Biotic factors,
such as plant pathogens and parasites, can harm the carbon gain process in plant
photosynthesis (Feddermann et al., 2010). The symbiotic efficiency describes a biotic
increase resulting from the symbiotic relationship, which can be affected by the
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symbionts capacity to transport (AM fungi) and uptake nutrients (the host). In addition,
the differences in size and infectivity of ERM can lead to variations in colonization,
as ERM differs between the Glomeromycota families (Feddermann et al., 2010). Also,
AM fungi differ in their nutrient mobilization capacity from the soil and vary in
providing support to the hosts with essential nutrients (Feddermann et al., 2010).
1.4 Phosphorous Nutrition
Phosphorus (P) is critical for plant growth and development, accounting for
approximately 0.2% of a plant’s dry weight (Smith et al., 2011). The immobility of P
in soil means that it is more difficult for the plant to obtain when compared with N
availability (Cavagnaro et al., 2015). Solubilized P can be obtained from the soil by
the plant roots via specialized phosphorous transporters, which can be found in the
root epidermis. It is transported by the fungal hyphae to the root cortex as
polyphosphate and then received by the plant. The net contribution of the AM
symbiosis to plant P acquisition varies among plant-AM fungal symbioses because
ERM capability to dissolve and absorb nutrients from the soil is not the same in every
plant/AM fungal association (Feddermann et al., 2010). The carbon division from the
plant can encourage AM fungi to uptake P from the soil (Feddermann et al., 2010).
Both, the extent of AM fungal root colonization, as well as the symbiotic uptake of P
are downregulated in most plants with increasing soil P fertilization level.
1.5 AM Fungi and Agricultural Sustainability
Current agricultural practices have to evolve to meet with the future
sustainability targets. New methods will need to replace conventional agricultural
techniques alongside consideration being given to long-term ecological management
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(Basu et al., 2017). Organic farming, for example, was shown to enhance soil quality
and microbial diversity (Manoharan et al., 2017). Practices like crop rotation, no tillage
strategy, and now the use of mycorrhizal technologies are spreading (Basu et al.,
2017).
1.5.1 AM Fungi as Biofertilizers
AM fungi are considered biofertilizers because they provide the host with
water, nutrient and encourage plant growth, in exchange for photosynthetic products.
(Smith & Read, 2008). These associations allow the fungi to provide better resistance
to environmental stresses by establishing beneficial hyphal networks around the roots
of a host. The diameter of AM fungi hyphae in the soil is much thinner than the plant
roots. This allows deeper penetration of soil pores, and therefore, higher uptake of
minerals (Berruti et al., 2016). The function of the rhizosphere, where AM fungal
hyphal networks expand, can provide the host plant with essential supplies of water
and nutrients such as N and P, while the host provide the AM fungi with more than
20% of plant-fixed carbon (Baum et al., 2015). AM fungi also have an influence on
soil structure through its hyphal network, which can affect the soil moisture retention
ability and the way in which plants adapt to dry conditions (Auge, 2004). AM fungal
symbioses with crops of short root hairs is vital to allow roots to expand beyond the
depletion zone (Baum et al., 2015). In addition, some microorganisms, such as Nfixing and P-solubilizing bacteria, may interact with AM fungi to provide the
necessary nutrients for growth and development to the plant, therefore reducing the
need for fertilizers. As a natural biofertilizer, AM fungi can help to improve irrigation
by sustaining the use of ground water. This can increase food security even throughout
drought conditions (Pavithra & Yapa, 2018). Therefore, AM fungi can offer an
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environmentally sustainable approach to promote the health of plants and help to
secure human food requirements.
The diversity of AM fungal species is often decreased in disturbed habitats,
such as agroecosystems, which lead to the introduction of mycorrhizal inoculation
technology (Janoušková et al., 2017). A recent study has indicated a negative
correlation between P concentration and date palm colonization rate that may occur
because of the compost affect (El Kinany et al., 2018). Often species from the family
Glomeraceae, such as Rhizophagus irregularis, are used in commercial AM fungal
inocula. These commonly occur in agricultural soils, have a low host specificity, and
form functional symbioses with a range of crop species. However, AM fungal
inoculation may lead to the introduction of new genotypes, which might lead to a
decrease in the diversity of the native AM fungal species (Janoušková et al., 2017).
Current knowledge is insufficient to understand the ecology of AM fungal
communities and biogeography to promote long-term effective inoculation within
disturbed habitat (Janoušková et al., 2017). Arbuscular mycorrhizal fungal inocula are
commercially available and in many cases are relatively expensive due to the complex
production process. Recent research suggested the use of indigenous AM fungal
communities to solve the concerns associated with the low biodiversity of commercial
inoculum and the cost of purchase (Brito et al., 2018). The seedling stage gave the best
results with inoculation even though it is more susceptible to abiotic stress and
infections, especially for vegetable crops (Baum et al., 2015). For long-term
inoculation, applications of biofertilizers and biopesticides can be used to promote a
sustainable future strategy for growing healthy products. Therefore, scientific and
horticultural practices remain in need of a more efficient and cost-effective method for
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the inoculation and on-farm production of AM fungal inocula (Baum et al., 2015).
1.6 The Importance of Phoenix dactylifera L. in UAE and the Role of AM Fungi
in Sustainable Approaches
People of UAE have long been interested in the sustainable production of date
palm trees (Phoenix dactylifera L.), dating back to the early establishment of date palm
cultivation in the region (Tengberg, 2012). Today, UAE is one of the largest producers
of dates with an average of 754,400 megaton (mt), according to FAO statistics over
the last five years (El Hadrami & Al-Khayri, 2012). Date palm is a drought tolerant
tree found in dry desert locations with poorly structured soil and low nutrient content.
The tree’s fruit are considered economically important and have high nutritional value.
The two date palm varieties Khalas and Khunaizi are considered valuable and in high
demand in the UAE market due to their quality (Kazmi & Bureau, 2013).
Date palm trees have the capability to create symbiotic associations with
different kinds of AM fungi such as Glomus mosseae, G. macrocarpum, G. eburneum,
G. sinuosum, and G. fasciculatum, to increase the uptake of essential nutrients and
water supply, especially under saline and drought stress conditions. (El Kinany et al.,
2018). Al-Yahya’ei et al., (2011) found a diverse community of AM fungi in
association with date palm roots and located in the rhizosphere in the southern region
of the Arabia peninsula. One of the newly described AM fungi associated with date
palm was given the Arabic name for the date palms, Nakheel, and therefore named
Septoglomus nakheelum (Symanczik et al., 2014).
1.7 Isolation of Dominikia emiratia
The newly discovered Dominikia emiratia (Figure 1) was found at only two
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locations in an area of sandy desert near Abu Dhabi, the capital of UAE, which may
indicate that possibly D. emiratia is a rare species. In addition to its phylogenetic
distinction, morphologically it has a remarkable structure of dark spores with thick
complex spore walls of three layers and clusters of 3-15 spores with colors ranged
from orange to brownish orange, and single connected hypha with light yellow color
(Al-Yahya’ei et al., 2017).

Figure 1: Dominikia emiratia. (A) spores in a cluster (B-D) spore wall layers (swl) 1-3
continuous hyphal wall layers (shwl) 1-3 at the spore base, shw1 is brighten and
continuous to darker swl3 (Al-Yahya’ei et al., 2017)
Field rhizosphere soil samples were collected on 28 January, 2016, from Al
Rawafed Organic Agricultural LLC in the Emirate of Abu Dhabi, UAE (Figure 2). D.
emiratia was found on the organic farm (24°25′07″ N, 54°49′40″ E) associated with
the rhizosphere soils of Citrus aurantifolia, Punica granatum, and Vitis vinifera crops.
It was also found on a conventional farm (24°25′07″ N, 54°49′40″ E) which cultivated
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with C. aurantifolia and P. granatum (Al-Yahya’ei et al., 2017). Dominikia emiratia
is most likely native to the desert ecosystem of UAE at temperatures ranging from 5°C
in January to 51°C in July, and can possibly adapt to harsh environmental conditions
with humidity of 50% and irregular rainfall (Al-Yahya’ei et al., 2017).

Figure 2: An aerial view of the sampling area where D. emiratia was discovered
(Google)
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1.8 Aims and Objectives
The aim of this research was to investigate the possible contribution of D.
emiratia to plant growth by associating the fungus with two economically valuable
varieties of date palm commonly grown in UAE. Different growth parameters were
evaluated after 8 months of inoculation and were compared with control treatments.
This study is important to further understand the role of soil microorganisms
associated with the D. emiratia inoculum.
1.9 Hypothesis
Inoculation of two date palm varieties with D. emiratia will enhance their
growth, element uptake, and total chlorophyll content compared to corresponding noninoculated controls.
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Chapter 2: Methods

2.2 Experimental Design
Three-year-old tissue culture-derived date palm (Phoenix dactylifera L.)
plantlets of two varieties, Khalas and Khunaizi, were selected based on similar heights.
Thirty plantlets from each variety were obtained from the Date Palm Tissue Culture
Laboratory UAEU, Al-Foah, where the experiment was conducted under greenhouse
conditions with temperature ranging from 26°C to 28°C with hygrometry of 50% to
65%. The selected plantlets were pre-planted into small pots with BVB potting soil
composed of phosphate (14%), nitrogen (12%), and potash (24%). The experimental
design was to perform three types of treatment for each variety (total of 60 plantlets):
10 plantlets were inoculated with D. emiratia, 10 plantlets treated with microbial wash
(MW), and 10 plantlets as a negative control (without any treatment) and were
monitored for an 8-month duration. Each plantlet was prepared with a specific
treatment and placed in a 25 X 10.5 cm black polyethylene nursery bag mixed with
non-sterilized

red

sandy

soil

and

BVB

potting

soil

(https://www.hydroexperts.com.au/BVB-Soil-70L-Bag-80-Fine-Peat-20-Perlite-MixOrganic-Soil) in a ratio of 3:1. The inoculated plantlets were kept at a distance from
the control treatments (microbial and negative treatments) to avoid any crosscontamination. The irrigation system was set to water each plantlet once per week. The
irrigation water had a pH of 8.34, a P content of 0.03 ppm and an electrical
conductivity of 0.235 dS/m. It is worth noting that 4 plantlets from each treatment were
retained past the 8-month study period for potential use in future studies.
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2.2.1 Inoculation of D. emiratia
The young spores from the trap culture were extracted to be examined before
inoculation using Daniels & Skipper (1982) method and personal communication with
Janusz Blaszkowski. They are loose to compact clusters of 3 spores attached to
sporogenous hyphae as in Al-Yahya’ei et al., (2017). The plantlets were inoculated
with the spores of D. emiratia on 29/1/2018, from a culture originally prepared on
16/3/2016 from the inoculated Plantago lanceolata. Five grams of culture soil was
added per plantlet. The number of spores that were added to each plantlet was
estimated to be approximately 95 spores carried in the original culture substrate of the
fungus, which was pure sand. The inoculation process occurred at the same time that
the plantlets were transferred into new pot bags by adding the inoculum to the root
zone of each plantlet.
2.2.2 Microbial Wash Preparation
The microbial wash solution was prepared by using the same inocula source to
ensure that it contained only the target soil microbial communities. 25 g of the inocula
were stirred into 250 ml demineralized water for 2 hours, after which is was filtered
through a 32 µm sieve and grade one qualitative filter paper. The prepared solution
was then kept in the refrigerator at 4°C for 1 day until the experiment commenced. 5
ml of MW was added directly in the root zone of each plantlet during the transfer
process from their old pot to the newly prepared polyethylene bag (Koide & Elliott,
1989).
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2.3 Plant Biomass Measurement
After 8.5 months of cultivation, plants were transferred from the greenhouse to
the Horticulture lab (E3 building, UAEU campus) for further experimental testing
(Figure 3-A). Plantlets with the same treatment were transferred separately from the
other treatments. In the greenhouse, each plantlet was carefully cleaned with water to
remove the soil around the roots and then kept in a separated bag to be transferred to
the university lab. Then, each plantlet was placed on an Erlenmeyer flask containing
deionized water. Fresh weight of shoots and roots were measured separately in grams
(Figure 3-B). Plantlets were then kept separately in small paper bags to be dried in a
drying oven at 70°C for one day. The dried samples were weighted, and then ground
to powder. For chlorophyll content analysis, 0.5 g samples of fresh leaves per plant
were used.

Figure 3: Plant preparation in the lab. (A) biomass measurement (B) root fresh weight
measurement
2.4 Roots Staining
Five fine root samples from each plantlet were collected and observed under a
compound microscope. The purpose of observation was to investigate the different
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possible fungal structures that can be found in the roots of the inoculated samples. The
procedure that was used to clear the roots was modified from Mark Brundrett’s
Website (https://mycorrhizas.info/method.html). Based on previous trials, additional
time was added to the procedure to ensure the roots clearing for better observations.
KOH 10% was used to clear roots of the same length (~1.5 cm). The clearing
procedure was performed in several steps, starting with the overnight treatment of the
roots with KOH 10%. This was followed with next-day treatment in water bath by
heating roots in KOH 10% to 60°C for 2 to 2.5 hours depending on the individual
plantlet root clearing (Figure 4-A).
This was followed by washing off the roots with water, and then repeating the
process with new KOH 10% if needed. The clearing with heat procedure took 1 to 3
hours depending on the individual roots. After clearing, most of the roots turned to
noodle-like appearance. Roots were then acidified with 5% HCl for 5 minutes and then
stained overnight with a treatment of 0.05% trypan blue to evaluate AM fungal
colonization of the roots (Figure 4-B). The final step was to add 50% glycerol to
remove any excessive blue stain from the roots to enhance microscopic observations
(Brundrett, 2008).

Figure 4: The staining procedure of the roots. (A) roots treated with 10% KOH at
60°C (B) roots treated with 0.05% trypan blue during the staining process
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2.5 Estimation of AM Fungal Root Colonization
Root colonization by D. emiratia was estimated by measuring the intensity of
the mycorrhizal colonization in the root system (M%) and the intensity of the
colonization in the fragments of the roots (m%). This method was suggested by
Trouvelot et al. (1986). The estimations were given by preparing 30 root fragments of
the same length (~1.5 cm) from each replicate of each treatment. Mycorrhizal
structures were observed and evaluated according to the instructions given by
Trouvelot et al. (1986). The Mycocalc program was used to calculate the parameters
outlined above (Dodd et al., 2001) as follows:
M% = (95*n5+70*n4+30*n3+5n2+n1)/ total number, where for example. n5
referred to the number of fragments rated 5 during the observation.
m% = M*total number/ number of fragments with mycorrhizal structure.
2.6 Chlorophyll Content
Total chlorophyll content was estimated using Arnon (1949) method. 0.5 g of
dried leaf material were weighed from each sample and then added to 20 ml of 80%
acetone followed by drops of MgCO3 to neutralize the plant acid levels (Lichtenthaler
& Buschmann, 2001). After which, the samples were prepared via filtration using filter
paper. The filtered samples were brought up to 50 ml using 80% acetone (Figure 5).
Absorbance of chlorophyll a and chlorophyll b were measured by spectrophotometer
at 663 nm and 645 nm wavelength (Arnon, 1949).

17

Figure 5: Leaf material samples prepared for total
chlorophyll measurement
2.7 Nutrient Analysis
The first step of the analysis was to prepare the dry root plant by grinding them
down into a homogenous powder. Approximately 0.5 g for each sample was weighed
and placed into each tube. The digestion is a critical process to break down organic
matter content and solubilized the plant elements. 10 ml of concentrated nitric acid
(HNO3) and 1 ml of hydrochloric acid (HCl) were both added to promote the digestion
of the plant material. Samples were then placed in a CEM Mars 5 microwave digestion
system for element extraction. The digestion procedure was obtained from USEPA
method 3015A guidelines (1998). After the digested samples were cooled, deionized
water was added to the volume and filtered to obtain a sample solution. The prepared
solution was tested by using inductively coupled plasma optical emission spectrometry
ICP-OES method and those outlined in Barros et al., (2015) for probable detection and
analysis of the plant minerals, such as P, Mg, Fe, K and Zn (Figure 6).

18

Figure 6: ICP-OES for nutrient analysis

2.8 Statistical Analysis
Five replicates for both growth parameters and nutrient analysis, three
replicates for AM fungal colonization estimation, and four replicates for total
chlorophyll content were used to calculate the mean values ± SD. Analysis of variance
(ANOVA) was performed using SPSS software (v. 21.0) and the significant difference
between mean values was determined by Duncan’s multiple range test at the P ≤ 0.05
level (https://www.ibm.com/ae-en/analytics/spss-statistics-software).
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Chapter 3: Results
3.1. Plant Biomass
Fresh and dry weights were both measured 8 months after inoculation to
calculate the differences in growth between the three treatments (inoculated, MW, and
non-inoculated) for both date palm varieties, Khalas and Khunaizi (Figure 7).

Figure 7: Plant status after 8-month period. (A) Khunaizi and (B) Khalas plants in
inoculated treatment (left), microbial wash treatment (middle) and non-inoculated
treatment (right)
3.1.1 Fresh Weight and Dry Weight of Khalas Variety
Shoot fresh weight (26.75±6.36 g) and shoot dry weight (6.75±2.08 g) were
both significantly higher in inoculated Khalas plantlets compared to non-inoculated
plants (Table 1). However, the results of both fresh and dry weights of roots showed
no significant differences among the three treatments (Table 1). Total fresh weights
(41.55±9.96 g) and total dry weights (10.60±2.93 g) of inoculated Khalas plants were
both greater in mass compared to non-inoculated plants, while MW treatments were
on par with other both treatments (Table 2).
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Table 1: Fresh weights and dry weights in grams of both shoots and roots of Khalas
variety. Values are mean ± standard deviation (n = 5). For each growth parameter,
values followed different letters are significantly different at p = 0.05 level.
Treatment

Shoot Fresh
Weight (g)

Shoot Dry
weight (g)

Root Fresh
Weight (g)

Root Dry
Weight (g)

Inoculated
MW
-ve Control

26.746±6.358b
19.739±6.950a,b
13.684±4.757a

6.754±2.078b
5.884±1.967a,b
3.932±1.567a

14.807±3.770a
10.122±4.941a
11.161±5.273a

3.848±2.619a
2.120±0.828a
2.093±1.073a

Table 2: Total fresh weights and total dry weights in grams of Khalas variety. Values
are mean± standard deviation (n = 5). For each growth parameter, values followed
different letters are significantly different at p = 0.05 level.
Treatment

Total Fresh Weight (g)
b

Total Dry Weight (g)

Inoculated

41.554±9.962

10.602±2.934b

MW

29.861±9.906a,b

8.004±2.456a,b

-ve Control

24.845±9.259a

6.025±2.476a

3.1.2 Fresh Weight and Dry Weight of Khunaizi Variety
The shoot fresh weight (41.09±8.36 g) and shoot dry weight (11.64±1.82 g) of
the inoculated Khunaizi variety were both significantly higher compared with noninoculated plants, while fresh and dry shoot weights of the MW plants were similar to
inoculated plants (Table 3). There was a significant difference in shoot dry weight
between the MW treatment and non-inoculated plants. Root fresh weights of
inoculated plants (20.88±4.76 g) were significantly higher compared with noninoculated plants, but were similar to the MW treatment. Comparison of root dry
weights between all the three treatments showed no significant difference (Table 3).
Total fresh weights (61.97±12.59 g) and total dry weights (15.53±2.60 g) of inoculated
Khunaizi plants were both significantly higher compared to that of non-inoculated
samples, while MW treatments were similar other both treatments (Table 4).
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Table 3: Fresh weights and dry weights in grams of both shoots and roots of Khunaizi
variety. Values are mean ± standard deviation (n = 5). For each growth parameter,
values followed different letters are significantly different at p = 0.05 level.
Treatment

Shoot Fresh
Weight (g)

Shoot Dry
weight (g)

Root Fresh
Weight (g)

Root Dry
Weight (g)

Inoculated

41.088±8.363b

11.644±1.815b

20.881±4.764b

3.888±0.804a

MW
-ve
Control

33.730±10.080a,b 9.842±3.091a,b* 16.848±5.443a,b 3.400±1.252a
21.022±12.022a

5.998±3.517a*

13.561±4.828a

2.583±1.053a

Table 4: Total fresh weights and total dry weights in grams of Khunaizi variety. Values
are mean± standard deviation (n = 5). For each growth parameter, values followed
different letters are significantly different at p < 0.05 level.
Treatment
Inoculated
MW
-ve Control

Total Fresh Weight (g)
61.969±12.593b
50.578±15.371a,b
34.563±16.698a

Total Dry Weight (g)
15.532±2.605b
13.242±4.309a,b
8.581±4.541a

3.2 Estimation of AM Fungal Root Colonization
The young spores (Figure 8) from the trap culture were extracted successfully
and examined before inoculation. The intensity of the mycorrhizal colonization in the
root system was higher in Khunaizi roots (M = 17%), while the intensity of the
colonization in the fragments of the roots (m%) showed no apparent difference
between both date palm varieties (Figure 9). Different AM fungal structures (assumed
to be of D. emiratia) were recorded using the attached camera to the compound
microscope. The inoculated Khalas variety roots showed extraradical hyphae (A),
vesicles structures (C) and strings of intraradical hyphae (D) (Figure 10). The
observations from Khunaizi roots showed relative fungal structures such as
appressorium (A), and extraradical mycelium (C), and possible endophyte attached to
branched hyphal structure (D) (Figure 11). No similar observation of the fungal
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structures (assumed to be D. emiratia) have been recorded in the plantlets with MW
treatment and negative control treatments.

Figure 8: Young spores in a cluster from 16/3/2016 D. emiratia trap culture. (A) spore
wall layers (swl), hyphal wall layers (shwl) and hyphal structures. (B) single-focused
spore with clear spore wall layer (swl)

Figure 9: Colonization estimation of the inoculated roots of date palm
varieties. (M%) represents intensity of the mycorrhizal colonization in the
root system, (m%) is the intensity of the mycorrhizal colonization in the root
fragments. Values are mean ± standard deviation, n=3
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Figure 10: Observations from different stained roots of Khalas variety. (A)
extraradical hyphae (B) vesicles and long hyphal structures (c) vesicles (D) long
connected intraradical hyphae

Figure 11: Observations from different stained roots of Khunaizi variety. (A)
appressorium (B) intraradical hyphae with vesicles (C) extraradical mycelium (D)
vertical-shaped cluster of possible vesicles of endophyte attached to a thread of
hyphal structure
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3.3 Chlorophyll Content
Inoculated Khalas plants were significantly higher in chlorophyll a content
(0.64±0.01 mg/g) compared to non-inoculated plants, while chlorophyll a content of
plantlets with MW treatment was similar to other treatments. Furthermore, inoculated
samples had the highest chlorophyll b content (0.24±0.02 mg/g), and total chlorophyll
(0.88±0.02 mg/g) compared with the microbial and non-inoculated treatments (Table
6). All the treatments of Khunaizi plants had no significant difference (Table 7).
Table 5: Chlorophyll estimation of Khalas variety in mg/g of leaf weight. Values are

mean ± standard deviation (n = 4). For each growth parameter, values followed by
different letters are significantly different at p = 0.05 level.
Treatments

Chlorophyll ‘a’ mg/g

Chlorophyll ‘b’ mg/g

Total Chlorophyll mg/g

Inoculated

0.638±0.008b

0.238±0.0207b

0.876±0.0206b

MW

0.594±0.099a,b

0.153±0.039a

0.748209±0.139a

-ve Control

0.538±0.023a

0.221±0.016b

0.759823±0.035a

Table 6: Chlorophyll estimation of Khunaizi variety in mg/g of leaf weight. Values are
mean ± standard deviation (n = 4). For each growth parameter, values followed by
different letters are significantly different at p = 0.05 level.
Treatments

Chlorophyll ‘a’ mg/g

Chlorophyll ‘b’ mg/g

Total Chlorophyll mg/g

Inoculated

0.772±0.072a

0.286±0.031b

1.058±0.1003a

MW

0.766±0.0780a

0.207±0.036a

0.974±0.1120a

-ve Control

0.786±0.068a

0.252±0.049a,b

1.038±0.113a

3.4 Nutrient Analysis
The concentration of P in inoculated Khalas roots was higher with an average
of 1593.61 ppm compared with non-inoculated plants, while P concentration of MW
treated plants was in par with the other treatments (Table 8). The Fe concentration was
significantly lower in inoculated shoots of Khalas variety compared with the non-
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inoculated samples (Table 9). The roots of Khunaizi showed significantly higher Ca
(6752.78±2018.98 ppm) compared with the MW plants (4489.97±380.00 ppm) (Table
10). MW treatment of Khunaizi shoots showed the highest P (1740.66±446.37 ppm)
and Na (1574.84±413.06 ppm) compared with the inoculated shoots (Table 11).
Table 7: Element concentrations in of Khalas roots in ppm. Values are mean ± standard
deviation (n = 5). For each growth parameter, values followed by different letters are
significantly different at p = 0.05 level.
Treatments

Ca
(ppm)

Fe
(ppm)

K
(ppm)

Mg
(ppm)

Mn
(ppm)

P
(ppm)

Inoculated

4461.94
±775.84a

184.45
±47.918a

10322.99
±555.86a

2110.21
±274.17a

27.685
±4.35a

1593.61
±247.62b

MW

3726.08
±578.31a

139.41
±25.803a

9734.47
±1073.68a

2231.14
±244.48a

25.224
±3.92a

1501.59
±327.50a,b

-ve Control

3720.13
±412.52a

970.00
±1852.04a

10332.03
±849.56a

2374.35
±189.48a

25.037
±8.97a

1164.36
±265.03a

Table 8: Element concentrations of Khalas shoots in ppm. Values are mean± standard
deviation (n = 5). For each growth parameter, values followed by different letters are
significantly different at p = 0.05 level.
Treatments

Ca
(ppm)

Fe
(ppm)

K
(ppm)

Mg
(ppm)

Mn
(ppm)

P
(ppm)

Inoculated

8563.95
±1457.07a

64.59
±11.24a

12966.38
±637.15a

2458.51
±310.50a

55.603
±16.165a

2006.55
±417.67a

MW

9086.96
±2357.28a

93.863
±35.98a,b

12350.94
±1152.64a

2508.09
±675.50a

59.329
±15.893a

2219.92
±567.33a

-ve Control

8890.27
±735.57a

120.12
±27.31b

13098.77
±544.73a

2455.61
±103.99a

57.826
±18.349a

2054.65
±254.04a
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Table 9: Element concentrations of Khunaizi roots in ppm. Values are mean ± standard
deviation (n = 5). For each growth parameter, values followed by different letters are
significantly different at p = 0.05 level.
Treatments

Ca
(ppm)

Fe
(ppm)

K
(ppm)

Mg
(ppm)

Na
(ppm)

P
(ppm)

Inoculated

6752.78
±2018.98b

284.29
±132.70a

9559.71
±973.91a

2400.95
±236.49a

3512.042
±142.98a

981.96
±83.677a

MW

4489.97
±380.00a

144.94
±27.971a

10323.76
±768.63a

2434.12
±268.31a

4111.744
±298.00b

994.75
±119.30a

-ve Control

5277.95
±898.56a,b

672.36
±1060.04a

9828.38
±970.01a

2743.98
±357.70a

4528.092
±538.54b

722.20
±312.62a

Table 10: Element concentrations of Khunaizi shoots in ppm. Values are mean ±
standard deviation (n = 5). For each growth parameter, values followed by different
letters are significantly different at p = 0.05 level.
Treatments

Ca
(ppm)

Fe
(ppm)

K
(ppm)

Mg
(ppm)

Na
(ppm)

P
(ppm)

Inoculated

9327.98
±583.49a

65.11
±13.49a

12262.68
±937.43a

2641.73
±170.25a

1129.37
±114.73a

1308.07
±71.461a,b*

MW

10014.14
±2714.98a

78.65
±18.82a,b

13835.37
±1407.03a

3116.65
±637.85a

1574.84
±413.06b

1740.66
±446.37b*

-ve Control

10803.55
±1581.77a

100.77
±22.55b

12283.39
±2138.52a

2859.55
±662.23a

1585.34
±306.65b

1224.81
±320.02a
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Chapter 4: Discussion
4.1 Effect of AM Fungal Inoculation on Plant Growth
Previous studies of AM fungal species and their influence on host plants have
concluded that inoculation with these mutualistic fungi can significantly increase plant
growth rate and dry matter weight (Sadhana, 2014). In the present study, the fresh
shoot weights had approximately a 95.45% increase in both inoculated varieties over
controls. The dry shoot weights of the inoculated Khunaizi and Khalas date palm
varieties had higher vegetative mass compared to non-inoculated plants. This suggests
that D. emiratia plays a possible positive role in increasing the rate of date palm shoot
growth.
It has been recorded that the increase of mycorrhizal colonization by
inoculation (29%) in the early season led to an increase of shoot biomass by 57%
(Lekberg & Koide, 2005). The fresh root weight of Khunaizi was higher due to
inoculation. A study of tissue culture-derived date palm seedlings recorded a 100%
increase of inoculated root fresh weight compared to the control plants (El Kinany et
al., 2018). However, the root fresh weight of inoculated Khalas plantlets did not show
any significant difference compared to the control. Root growth limitation might be
possible due to the pot boundaries that can work as a limiting barrier to the extension
of the roots into the soil (Berruti et al., 2016). Different experimental studies
investigated the success rate of inoculation between greenhouses and open field
conditions, which has been reviewed by Berruti et al., (2016). The review study was
based on 65% greenhouse experiments and 24% open filed experiments. The study
detected that inoculated plants in comparison to control plants were much higher in
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greenhouse conditions compared to open field conditions. The potential reason behind
this result is that control plants in the open field are in soils with highly diverse AM
fungi communities compared to the greenhouse control plants with a lower AM fungi
diversity (Berruti et al., 2016). A study from Mexico found no significant difference
in survival rate of one-year-old transplanted inoculated plants into the open field, while
the plant growth rate (height) increased after a few months in the field (Peña et al.,
2016). Both inoculated varieties showed higher fresh and dry weights compared to the
control, demonstrating the potential for increased growth rate after inoculation with D.
emiratia in date palm. Inoculated Khalas and Khunaizi varieties both showed an
increase in total fresh weights by 67% and 79% respectively, compared to the noninoculated samples. These positive results indicate that inoculation with AM fungi is
a sustainable method of increasing date palm biomass. This could reduce the impact
on the ecosystem caused by date palm plantations by improving soil structure by rootfungus network establishment and sustain the plant growth rate with low inputs of
fertilizers (Al-Karaki, 2013). Inoculating tissue culture date palm seedlings resulted in
larger roots and shoots compared to non-inoculated plantlets (Al-Karaki, 2013).
Another study carried out over a 10-month period resulted in a significant increase in
growth parameters (shoot height, shoot and root weight, total biomass) of mycorrhizal
date palm plantlets, which has been recorded previously in other plant species, such as
Citrus tangerine and Cupressus atlantica (Abohatem et al., 2011).
4.1.1 The Role of Soil Microorganisms Associated with D. emiratia in Date Palm
Growth
This study sought also to understand the role of soil microorganisms associated
with the D. emiratia inoculum. Microbial population was extracted from the inoculum
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using simple wash method (Koide & Elliott, 1989). It is interesting to observe that in
some of the measured growth parameters (e.g., fresh and dry weights) the MW treated
plants showed higher values than the control ones, although statistically none
significant (perhaps due to the high variations between the replicate of the same
treatment). This could provide a springboard for future studies using a higher number
of replicates and with more homogenous plantlets to start with to reduce the variations.
The non-AM fungi and bacteria are critically important in soil sustainability and plant
production. Soil type and plant species cultivated mainly affects the microbial
community biomass and activity. For example, a very wide spread soil fungus is Dark
septate endophyte (DSE) that can be found alongside AM fungi, especially in plant
species of medicinal significance. Dark septate endophytes can produce hyphal
structures that functionally do not interfere with plant roots nutrient uptake
mechanisms but can protect the plant from soil pathogen infections and improve the
synthesis of hormones and soil mineralization (Zubek et al., 2012). N-fixing bacteria
and P-solubilizing bacteria have also been shown to interact with AM fungi to provide
the necessary growth and development (Wahbi et al., 2015). Therefore, plant
performance can be enhanced by the richness of various soil microorganisms
(Toljander et al., 2008).
4.2 Establishment of AM Fungal Symbiosis Post Inoculation
Visual evaluation of the mycorrhizal colonization intensity in the root system
of Khunaizi and Khalas varieties (17% and 14% respectively) and the intensity of the
colonization in the fragments of the roots (18% and 17.8% respectively) can be
subjectively variable from one individual to another coupled with possible human
observational errors. Also, time restrictions might be a factor for limited observation
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of root colonization. The intensity mycorrhizal colonization results on both varieties
are low compared to the El Kinany et al., (2018) study in one-year old date palm
plantlets (cultivar Feggouss) with root colonization intensity of 52.59%. But still, there
would be no such comparison between two different AM fungi, for each fungus has
its own characteristics of association with date palms species or any different plant. A
field study in South-Western of Saudi Arabia that investigated Acacias plants
associated with AM fungi showed that root colonization intensity ranged from 29.5%
to 47% (Mosbah et al., 2017). Based on the intensity results and the number of previous
trials that have been done in this study, there was a possibility that the nature of date
palm roots did not allow for a more realistic estimation. The selected roots that have
been cleared may have affected the results due to the high tannins content that caused
unclear observations. The duration of the methodology needed to be modified longer
to record better observations. Most of the roots needed an overnight treatment of KOH
soaking prior to the heating process and then soaking repetition of this with KOH after
the heating process was done. This was followed by an overnight treatment of trypan
blue staining and then glycerol treatment for one day. KOH aids in removing the
cytoplasm of root cells for better observation of internal hyphae and arbuscules
(Brundrett et al., 1984).
The disintegration of over-cleared roots is a concern that must be taken into
consideration during the whole process of clearing, outlined by Brundrett 2008
(https://mycorrhizas.info/method.html). The most important finding from the results
of inoculated plants was the different AM fungal structures that have been observed
microscopically. Roots of both date palm varieties have been observed
microscopically to contain different AM fungal structures after an 8.5-month duration.
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Observed AM fungal structures within the root’s cells, ERM and vesicles have all been
found in both date palm varieties. The mycelium creates interconnectivity between soil
and plants for water and nutrient assessment, ecosystem carbon influx and soil
development (Queralt et al., 2017). Intraradical hyphal structures that expand within
the root cortex to develop spores and vesicles are in abundance in both varieties.
Appressorium is defined as a hyphal swelling developed between two adjacent root
epidermises and creates a penetrated entrance for hyphae (Brundrett, 2008). It was
found in one of the Khunaizi roots. One fungal structure that has been found in both
the inoculated varieties are vesicles, which develop on intraradical hyphae within the
root cortex cells or in between, and can be observed as terminal or intercalary hyphal
swellings that function as storage unit and sometimes as propagules with thick layers
in older roots. (Brundrett, 2008).
4.3 Chlorophyll Content
Total chlorophyll content was much higher in inoculated Khalas plantlets
compared with non-inoculated ones. Khunaizi treated plants had no significant
differences in the measured concentration. A study indicated that AM fungi cause an
increase in chlorophyll content which is a result of the increase in fixed carbon during
photosynthesis. In other words, AM fungi can increase photosynthetic rate and plant
growth rate because of the reciprocal C-P relationship between the host plant and the
symbiotic AM fungi (Zhang et al., 2018), which is the case for Khalas plantlets which
had high P concentration results. A possible reason for this could be the nature of the
variety and low P concentration, as the host plant could have different responses
toward the association with AM fungi and soil microbial communities as mentioned
previously.
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4.4 The Date Palm Nutritional Status
P-concentration in Khalas roots was significantly higher than that in noninoculated plants. However, Khunaizi roots showed no significant differences amongst
the treatments regarding P concentration. P uptake by the plant varies among plantAM fungal symbiosis. The capability to dissolve and absorb nutrients from the soil is
not the same in every AM fungal association (Feddermann et al., 2010). Abiotic factors
may interfere and affect plant development and nutrient availability (Smith and Read,
2008). Fe concentration in both varieties were higher in the non-inoculated treatments
compared to the inoculated ones. The inoculated roots of Khunaizi have shown high
significant difference of Ca content compared to the MW plants and both are similar
to non-inoculated plants. It is important to consider the elements that were added by
the BVB potting soil (www.bvb-substrates.nl). A study by Nouri et al., (2014)
evaluated the nutrients that may have an influence on AM fungal development and
concluded that P and nitrate (major nutrients), can both affect the plant-AM fungi
symbiosis while Mg, Fe, and Ca have no such effect. Nutritional starvation mechanism
of nitrate suggested a reverse case to decrease P effect on AM fungi association with
the host. In other words, limitations of one of the two major nutrients can create a
successful AM symbiosis (Nouri et al., 2014). This might be the case for low nutrient
availability in inoculated Khalas plantlets owing to the high P concentration than low
plant-AM fungi association.
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Chapter 5: Conclusion

Dominikia emiratia is a newly discovered AM fungus from UAE and was
described molecularly and morphologically. This thesis presents a functional
assessment of the fungus using two widely grown date palm varieties. The findings
are important for date palm sustainability. We can conclude from the results that D.
emiratia could be used as a potential commercial biofertilizer to be introduced to date
palm plantlets in the future. Microbial wash treatment represented a possible
interaction with the microbial community alongside the AM fungus with the cultivars.
The experiment was limited in time. A longer experiment would give more
opportunities for critical observations of root colonization and nutrient availability.
This study is a foundation to understand D. emiratia interactions with date palm as a
host. Questions still needs to be answered regarding the long-term performance of the
inoculated date palm plantlets when they will be transplanted in the open field. More
inoculation experiments, with D. emiratia, need to be conducted in other highly
demanded date palm varieties and other native plants in UAE ecosystems. This is
crucial for any conservation plan to support the sustainability efforts in the country.
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